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MEMORY ACCESS CONTROL BASED ON
HIT PREDICTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a memory access control
device to be employed ina DRAM (Dynamic Random Access
Memory) such as an SDRAM (Synchronous DRAM), DDR
(Double Data Rate) -SDRAM and more particularly to the
memory access control device capable of enhancing access
performance by predicting whether or not a hit 1s found.

The present application claims priority of Japanese Patent
Application No. 2003-084790 filed on Mar. 26, 2003, which
1s hereby incorporated by reference.

2. Description of the Related Art

A conventional memory access control method 1s either an
open page policy 1n which, when access to a DRAM 1s com-
pleted, a routine 1s terminated without pre-charging an
accessed bank, or a closed page policy 1n which a routine 1s
terminated after the accessed bank has been pre-charged.

If a bank 1s 1n a state where the bank has been already
pre-charged and closed, the same bank, when being accessed
nexttime, can be accessed at a constant speed regardless of its
address. However, where a bank has not been pre-charged but
has been opened, if a same page as 1ts bank has previously
opened 1s to be accessed, since opening of the page 1s not
required, the bank can be accessed speedily when compared
with the bank that has been closed. However, when accessing
a page that 1s different from a page whose bank has been
opened, the bank will be accessed at a slower speed when
compared to the closed bank because the accessed page must
be opened after the bank has been pre-charged.

Finding data on a given page 1s called a “hit” and failure to
find data on a given page 1s called a “miss”.

A memory control device employing a conventional open
page policy 1s disclosed mm which access eliliciency 1s
improved by changing the timing with which a bank 1s closed
according to the number of hits to a bank (Japanese Patent
Application Publication No. 2001-166985).

Both the closed page policy and open page policy have
problems. The closed page policy heightens access perior-
mance when the probability of a hit 1s low, while the open
page policy heightens access performance when a probability
of the hit1s high. However, neither policy will enable a system
to reach 1ts theoretical limit for access performance.

Further, 1n a memory control device employing an open
page policy, wherein the time at which a bank 1s closed 1s
changed according to the number of hits to the bank, 1T misses
are found continuously 1n a short interval, the access eifi-
ciency of the device will not improve because the bank 1s
always kept open after each access attempt.

Moreover, the conventional memory control device has
another problem. That 1s, when the shortest time with which
a bank 1s closed 1s set to be shorter than an interval for access
to a memory, since the operation becomes the same as that of
the closed page policy, if many hits are found, there 1s no
improvement of access efliciency.

SUMMARY OF THE INVENTION

In view of the above, 1t 1s an object of the present invention
to provide a memory access control device capable of enhanc-
Ing memory access elficiency by predicting whether or not a
hit 1s found 1n a subsequent access.

According to a first aspect of the present invention, there 1s
provided a memory access control device including:
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2

a memory master to make a request for access to memory;

a memory control unit to produce control signals of memo-
ries based on access mformation to be output from the
memory master; and

a hit predicting unit to predict whether or not next access to
cach bank 1n memory 1s access to a same page;

wherein the memory control unit, when a hit predicting
unit predicts that a next access to the bank will be directed to
a same page, that 1s, that a hit 1s found, terminates 1ts routine
without closing a bank being presently accessed at the time of
completion of present access operations and, when the hit
predicting unit predicts that next access to the bank 1s access
to a different page, that 1s, that a miss 1s found, closes the bank
being presently accessed at the time of completion of present
access operations and terminates 1ts routine.

In the foregoing, a preferable mode 1s one wherein the hit
predicting unit stores results from recent (last) “n” (*n” 1s a
natural number) accesses to each bank in memory as to
whether a hit has been found or a miss has been found and
predicts, 1f a number of times of accesses by which a hit 1s
found out of recent “n” accesses 1s “m” or more (m=n: “m”
and “n” each 1s anatural number), that a hit1s found 1n the next
access to the bank and predicts, 11 the number of times of
accesses 1s not “m’ or more, that a miss 1s found 1n the next
access to the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “4” (*9”” 1s a natural number)
accesses to each bank 1n memory as to whether a hit has been
found or a miss has been found and predicts, when a hit has
been found 1n all recent “4”” accesses, that a hit 1s found in the
next access to the bank and predicts, if no hit has been found
in all recent ™ times accesses, that a miss 1s found 1n the next
access to the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “k™ (“k™ 1s a natural number)
accesses to each bank in memory as to whether a hit has been
found or a miss has been found and predicts, 11 amiss has been
found 1n all recent “k” accesses, that a miss 1s found in the
next access to the bank and predicts, 11 no miss has been found
in all recent “k” times accesses, that amiss 1s found 1n the next
access to the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “k™ (*k” 1s a natural number)
accesses to each bank 1n memory as to whether a hit has been
found or a miss has been found and predicts, when a miss has
been found 1n all recent “k™ accesses out of recent n times
accesses, that a miss 1s found 1n the next access to the bank
and predicts, when no miss has been found 1n all recent “k™
accesses out of recent “n” accesses, 1t a hit 1s found 1n recent

AR b

1" accesses (J=n: “1” and “n”” each 1s a natural number) out of
recent “n’” accesses, that a hit 1s found 1n the next access to the
bank and predicts, when a miss has been found in all recent *“1”
accesses out of recent “n’ accesses, 1f a number of times of
accesses by which a hit has been found out of recent “n”
accesses 1s “m” times or more (m=n: “m” and “n” each 1s a
natural number), that a hit 1s found 1n the next access to the
bank and predicts, when a number of times of accesses by
which a hit has been found out of recent “n” accesses 1s not
“m’ times or more, that a miss 1s found 1n the next access to
the bank.

Furthermore, a preferable mode 1s one wherein when a
bank and a page to be accessed next have been determined,
the memory master informs the memory control unit of infor-
mation about the bank and the page to be accessed and
wherein 1f the bank to be accessed next by the memory master
1s the same as that being presently accessed and the page to be

accessed by the memory master 1s the same as that being
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presently accessed, the memory control unit terminates its
routine, regardless of a prediction result from the hit predict-
ing umt, without closing the bank being presently accessed at
the time of completion of present access operations. When the
memory control unit does not terminate 1ts routine, 1f the bank
to be accessed next by the memory master 1s the same as that
being presently accessed and the page to be accessed by the
memory master 1s different from that being presently
accessed, the memory control unit closes the bank being
presently accessed at the time of completion ol present access
operations, regardless ol a prediction result from the hit pre-
dicting unit, and terminates 1ts routine.

According to a second aspect of the present invention, there
1s provided a memory access control device including:

two or more memory masters to make a request for access
t0o memory:

an arbiter unit to arbitrate memory access requests fed from
the memory masters and to select access information fed from
any one of the memory masters;

a memory control umt to produce a control signal of
memory based on access information output from the arbiter
unit; and

a hit predicting unit to predict whether or not the next
access to each bank in memory becomes access to a same
page;

wherein the memory control unit, when the hit predicting
unit predicts that the next access to the bank 1s access to a
same page, that 1s, a hit 1s found, terminates its routine with-
out closing the bank being presently accessed at the time of
completion of present access operations, and when the hit
predicting unit predicts that the next access to the bank 1s
access to a different page, that 1s, that a miss 1s found, closes
the bank being presently accessed at the time of present
access operations and terminates 1ts routine.

In the foregoing, a preferable mode 1s one wherein the hat
predicting unit stores results from recent “n”” (*n”” 1s a natural
number) accesses to each bank 1n memory as to whether a hit
has been found or a miss has been found and predicts, 1f a
number of accesses by which a hit 1s found out of recent “n”
accesses 1s “m’”” or more (m=n: “m” and “n” each 1s a natural
number), that a hit 1s found 1n the next access to the bank and
predicts, 1f the number of times of accesses 1s not “m™ or
more, that a miss 1s found 1n the next access to the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “1” (*9” 1s a natural number)
accesses to each bank 1in memory as to whether a hit has been
found or a miss has been found and predicts, when a hit has
been found 1n all recent “4”” accesses, that a hit 1s found 1n the
next access to the bank and predicts, 11 no hit has been found
in all recent *4” accesses, that a miss 1s found in the next
access 1o the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “k™ (“k™ 1s a natural number)
accesses to each bank 1n memory as to whether a hit has been
found or a miss has been found and predicts, 1f a miss has been
found 1n all recent “k” accesses, that a miss 1s found in the
next access to the bank and predicts, 11 no miss has been found
in all recent “k” accesses, that a hit 1s found 1n the next access
to the bank.

Also, a preferable mode 1s one wherein the hit predicting
unit stores results from recent “n” (“n” 1s a natural number)
accesses to each bank in memory as to whether a hit has been
found or a miss has been found and predicts, when a miss has
been found 1n all recent “k” (k=n: “k” and “n” each 1s a
natural number) accesses out of recent “n” accesses, that a
miss 1s found 1n the next access to the bank and predicts, when
no miss has been found 1n all recent “k™ accesses out of recent
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“n” times accesses, 11 a hit 1s found 1n all recent *)” accesses
(1=n: “7” and “n” each 1s a natural number) out of recent “n”
accesses, that a hit 1s found 1n the next access to the bank and
predicts, when a miss has been found in all recent “k”
accesses out of recent “n” accesses, 1f a number of times of
accesses by which a hit has been found out of recent “n”
accesses 1s “m’” times or more (m=n: “m” and “n” each 1s a
natural number), that a hit 1s found 1n the next access to the
bank and predicts, when a number of times of accesses by
which a hit has been found out of recent “n’” accesses 1s not
“m” times or more, that a miss 1s found in the next access to
the bank.

Furthermore, a preferable mode 1s one wherein each
memory master mforms, when a bank and a page to be
accessed next have been determined, the arbiter unit and the
memory control umt of information about the bank and the
page to be accessed and wherein the memory control unit, 1f
there exists the memory master which gets the next access to
a same bank as that being presently accessed and to a same
page as that being presently accessed, closes the bank being
presently accessed at the time of completion of present access
operations, regardless ol a prediction result fed from the hit
predicting unit, and terminates its routine and, when not ter-
minating 1ts routine, 1f there exists the memory master which
gets the next access to a same bank as that being presently
accessed and to a page different from that being presently
accessed, closes the bank being presently accessed at the time
of completion of present access operations, regardless of a
prediction result fed from a hit predicting unit, and terminates
its routine and the arbiter unit, 1f there exists the memory
master which gets the next access to a same bank and a same
page as those being presently accessed, and selects said
memory master with priority.

With the above configuration, when access 1s obtained to a
same bank next time, 11 a hit 1s predicted, access 1s obtained
according to an open page policy and 1f a miss 1s predicted,
access 15 obtained according to a close page policy and there-
fore when the prediction comes true, performance reaching a
theoretical limit can be achieved.

Moreover, even 1f the prediction does not come true com-
pletely, when a hit rate 1s 50% or more, since the number of
times of decreases 1n misses becomes larger than the number
of times of decreases in hits, a memory access rate 1s
improved.

Furthermore, when access 1s obtained, whether an
accessed bank 1s closed or opened 1s determined by predicting
whether a hit 1s found 1n the next access and, therefore, even
when access in which a miss 1s found occurs 1n short intervals
continuously, access elliciency can be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages, and features of
the present invention will be more apparent from the follow-
ing description taken in conjunction with the accompanying
drawings 1n which:

FIG. 1 1s a block diagram showing a system made up of a
memory access control device and plurality of memories
corresponding to an embodiment of the present invention;

FIG. 2 1s another block diagram showing the system made
up of a memory control section and a plurality of memories
corresponding to another embodiment of the present imnven-
tion;

FIG. 3 1s still another block diagram showing the system
made up to the memory control section and a plurality of
memories corresponding to still another embodiment of the
present invention;
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FIG. 4 1s still another block diagram showing a system
made up of the memory control section and a plurality of
memories corresponding to still another embodiment of the
present invention;

FIG. 5 15 a still another block diagram showing the system
made up of a memory control section and a plurality of
memories corresponding to yet another embodiment of the
present invention;

FIG. 6 1s still another block diagram showing the system
made up of a memory control section and a plurality of
memories corresponding to still another embodiment of the
present invention;

FIG. 7 1s a block diagram showing configurations of one
bank 1nstalled 1n a hit predicting section corresponding to still
another embodiment of the present invention;

FIG. 8 1s a timechart showing a case 1n which the memory
access control device of the present invention, while getting
read-access, predicts a hit 1n the next access and a hit 1s found
in the access;

FIG. 9 1s a timechart showing a case 1n which the memory
access control device of the present invention, while getting
read-access, predicts a hit 1n the next access and a miss 1s
found 1n the access; and

FI1G. 10 1s a timechart showing a case in which the memory
access control device of the present invention, while getting
read-access, predicts a miss in the next access.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Best modes of carrying out the present invention will be
described in further detail using various embodiments with
reference to the accompanying drawings.

Embodiment

FIG. 1 1s a block diagram showing a system made up of a
memory control device 3 and a plurality of memories 5 and 6
corresponding to an embodiment of the present invention.

A memory master 1 outputs a request signal requesting a
right to use memory, an address signal, a read/write signal
showing types of accesses, a word length signal indicating the
number of words to be accessed, a write data signal, and a data
mask signal to the memory control section 3. The memory
master 1 also receives an acknowledge signal and a read data
signal indicating acquisition of a memory from the memory
control section 3.

The memory control section 3 outputs control signals for
memory. That 1s, in the case of an SDRAM, 1ts memory
control section 3 outputs a clock signal (CLK), a clock enable
signal (CKE), a chip selection signal (CS), a row address
strobe signal (RAS), a column address strobe signal (CAS), a
write enable signal (WE), an address signal (A), a bank
address signal (BA), a data input/output signal (DQ), and a
data mask signal (DQM).

A hit predicting section 4 outputs a plurality of hit predic-
tion results to the memory control section 3. The number of
hit prediction results 1s the same as the total number of banks
in all memories being connected. For example, if two memo-
ries 35 and 6, each being made up of four banks, are connected,
since an entire system has eight banks, the prediction number
obtained as the hit prediction results becomes eight.

The memory master 1, when access to memory 1s required,
asserts or initiates a request signal and, at the same time,
outputs an address signal, a read/write signal, a word length
signal, a write data signal, and a data mask signal in a pre-
defined format.
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6

The memory control section 3, when the request signal fed
from the memory master 1 1s asserted, receives the address
signal, the read/write signal, and the word length signal, and
produces a control signal for memory 11 the read/write signal
indicates “write access” to get access for writing and, if the
read/write signal indicates “read access”, to get access for
reading.

The memory control section 3, if the read/write signal
indicates “write access”, recerves a write data signal and a
data mask signal and, 11 the read/writes signal indicates “read
access”’, returns read data fed back from memories to the
memory master 1 by using the read data signal.

The memory control section 3, when accessing last data,
determines whether or not a bank being accessed presently 1s
closed by making a reference to the hit prediction result fed
from the hit predicting section 4.

The above last data 1s the last word, for example of the word
length, such that, when the word length signal indicates that
four words are to be accessed, the last data represents fourth
word data.

Although the hit prediction results are fed from the hit
predicting section 4, each result corresponds to any one of
banks in the memories 3 and 6 in a one-to-one relationship,
and the memory control section 3 makes a reference to a hit
prediction result corresponding to the bank which stores last
data.

Moreover, though the memory control section 3 deter-
mines whether or not to close a bank being presently accessed
by making a reference to the bank storing the last data, if the
next data 1s stored 1n a bank different from the bank being
presently accessed, the memory control section 3 determines
whether or not to close the bank being presently accessed by
making a reference to the hit prediction result fed from the hat
predicting section 4.

FIG. 2 1s a also a block diagram showing a system made up
of the memory control section 3 and a plurality of memories
5 and 6 corresponding to another embodiment of the present
invention.

The hit predicting section 4 recerves a hit signal or miss
signal from the memory control section 3. Each of the number
of hit results and miss results 1s the same as the total number
of banks 1n each of the memories 5 and 6.

The memory control section 3, stores a page address of
cach bank that was accessed last. At a time of starting a next
access, 11 the page address indicates the same page as that
having been accessed the previous time, the memory control
section 3 asserts a hit signal corresponding to a bank.

Moreover, at a time of starting an access, 1 the page
address 1ndicates a page different from the page having been
accessed the previous time, the memory control section 3
asserts a miss signal corresponding to a bank.

The time when access 1s started includes not only a time
when {irst access 1s started after a request signal fed from the
memory master 1 has been asserted but also a time when the
next access 1s started upon completion of storing of each of
data being presently accessed and data to be accessed next in
cach of different banks belfore access to a length of words
indicated by a word length signal.

Next, operations of the hit predicting section 4 correspond-
ing to an embodiment shown in FIG. 2 of the present inven-
tion are described. The hit predicting section 4, every time a
hit signal or a miss signal fed from the memory control
section 3 1s asserted, stores the result from asserting signals,
corresponding to the number of recent (last) “n” (*n” denotes
a natural number) times of assertion of the hit signals or the
miss signals for each bank.
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The hit predicting section 4 judges whether the number of
times of asserting hit signals 1s “m” times or more (M=n :
“m” and “n” are natural numbers) for each bank and outputs,
if the number of times of asserting hit signals 1s “m” times or
more, information indicating that a hit 1s found as a hit pre-
diction result and outputs, 1f the number of times of asserting
the hit signal 1s less than “m” times, information indicating,
that a miss 1s found.

For example, 11 “n” 1s eight, the hit signals and the miss
signals from a bank are asserted 1n order of hit, hit, miss, hit,
hit, miss, hit, and miss, since the number of times of asserting,
hit signals 1s five 1n the most recent eight times asserting
operations 1n this case. If “m” 1s give or less, a hit prediction
result of the bank indicates that a hit 1s found and, 11 “m” 1s s1x
or more, a hit prediction result of the bank 1ndicates that a
miss 1s Tound.

Moreover, after this, 1f amiss signal 1s asserted, the number
of times of asserting hit signals 1s four 1n the most recent eight
times asserting operations, and 1f instead of a miss signal a hit
signal 1s asserted, the number of times of asserting hit signals
1s five and no change occurs. Moreover, “n” 1s determined at
the time of system design and “m” 1s made variable depend-
ing on setting.

Next, operations of the hit predicting section 4 correspond-
ing to another embodiment shown in FIG. 2 will be described.
Every time a hit signal or a miss signal fed from the memory
control section 3 1s asserted, the hit predicting section 4 stores
the result of the assertion, corresponding to the number of
times of asserting the signals 1n recent “3” (*9” denotes a
natural number) asserting times for each bank.

The hit predicting section 4 judges whether or not a result
from asserting a hit signal or a miss signal for each bank
indicates that a hit signal 1s asserted 1n all recent “1”” asserting
times operations and, 11 YES, outputs information indicating,
that a hit 1s found as a corresponding hit prediction result and,

if NO, outputs information indicating that a miss 1s found.

For example, 11 *9” 1s found and if the hit signals and the
miss signals of a bank are asserted in order of miss, hit, miss,
miss, hit, hit, hit, and hit, since a hit signal 1s asserted 1n all of
the most recent four times asserting operations, a hit predic-
tion result of the bank indicates that a hit 1s found.

Moreover, after this, 1f amiss signal 1s asserted, the number
of times of asserting a hit signal 1s three 1n the most recent four
times asserting operations, so that a hit prediction result of the
bank indicates that a miss 1s found. It instead of a miss signal
a hit signal 1s asserted, a hit prediction result of the bank
indicates a hit 1s found. Moreover, “1” 1s made variable
depending on setting.

Next, operations of the hit predicting section 4 correspond-
ing to yet another embodiment shown 1 FIG. 2 will be
described. Every time a hit signal or a miss signal fed from the
memory control section 3 1s asserted, the hit predicting sec-
tion 4 stores the result of the assertion, corresponding to the
number of times of asserting the signals in recent “k” (k™

denotes a natural number) times asserting operations for each
bank.

The hit predicting section 4 judges whether or not a result
from asserting a hit signal or a miss signal for each bank
indicates that a miss signal 1s asserted 1n all recent “k™ times
asserting operations and, if YES, outputs information indicat-
ing that a miss 1s found as a corresponding hit prediction
result and, 1 NO, outputs information indicating that a hit 1s
found.

For example, 11 “k” 1s four and i1 the hit signals and the miss
signals from a bank are asserted in order of miss, hit, miss, hit,
miss, miss, miss, and miss, since a miss signal 1s asserted in all

10

15

20

25

30

35

40

45

50

55

60

65

8

of the most recent four times asserting operations, a hit pre-
diction result of the bank indicates that a miss 1s found.

Moreover, after this, 1f a hit signal 1s asserted, the number
of times of asserting a miss signal 1s three 1n the most recent
four times asserting operations, a hit prediction result of the
bank indicates that a hit 1s found. If instead of a hit signal a
miss signal 1s asserted, a hit prediction result of the bank
indicates that a miss 1s found. Moreover, “k’ 1s made variable
depending on setting.

Next, operations of the hit predicting section 4 correspond-
ing to still another embodiment shown 1 FIG. 2 will be
described. Every time a hit signal or a miss signal fed from the
memory control section 3 1s asserted, the hit predicting sec-
tion 4 stores the result of the assertion, corresponding to the
number of times of asserting the signals 1n recent “n” (*“n”
denotes a natural number) times asserting operations for each

bank.

The hit predicting section 4 judges whether or not a result
from asserting a hit signal or a miss signal for each bank
indicates that a miss 1s found 1n all recent “k” times asserting
operations and, 11 YES, outputs in formation indicating that a
miss 1s found as a hit prediction result (k=n: “k’ and “n” each
1s a natural number).

On the other hand, the hit predicting section 4 judges
whether or not a result from asserting a hit signal or a miss
signal for each bank indicates that a hit 1s found 1n all recent
“1” times asserting operations and, 1f YES, outputs informa-
tion indicating that a hit 1s found as a hit prediction result (j=n
: 9 and “n” each 1s a natural number).

The hit predicting section 4 judges whether the number of
times of asserting a hit signal for each bank 1s “m™ times or
more (m=n: “m” and “n”” each 1s a natural number) 1n recent
“n” times asserting operations and, 1f the number of times of
asserting a hit signal 1s “m” times or more, outputs informa-
tion indicating that a hit 1s found as a hit prediction result and,
il not, outputs, information indicating that a miss 1s found.

For example, if “n” 1s e1ght, “k’ 1s four, “1” 1s four, and “m”
1s give, and 11 the hit signals and the miss signals from a bank
are asserted 1n order of hit, hit, miss, hit, miss, miss, miss, and
miss, since a miss 1s found 1n all of the most recent four times
asserting operations, a hit prediction result of the bank 1ndi-

cates that a miss 1s found.

Moreover, if the hit signals and the miss signals from a
bank are asserted in order of hit, hit, miss, miss, hit, hit, hit,
and hit, since not a miss but a hit 1s found 1n all of the most

recent four times asserting operations, a hit prediction result
of the bank indicates that a hit 1s found.

Also, 11 the hit signals and the miss signals from a bank are
asserted 1n order of hit, hit, miss, miss, hit, hit, hit and miss,
though a miss 1s not found 1n all of the most recent four times
asserting operations and a hit 1s not found 1n all of the most
recent four times asserting operations, since a hit 1s found five
times 1n the most recent eight times asserting operations, a hit
prediction result of the bank indicates that a hit 1s found.

Furthermore, 1f the hit signals and the miss signals from a
bank are asserted in order of miss, hit, miss, miss, hit, hit, hit
and miss, though a miss 1s not found 1n all of the most recent
four times asserting operations and a hit 1s not found 1n all of
the most recent four times asserting operations, since a hit 1s
found only four times 1n the most recent e1ght times asserting
operations, a hit prediction result of the bank indicates that a
miss 1s found.

Moreover, though “n” 1s determined at the time of design-
ing a system, “m”, 1" and “k” are made variable depending
on setting.
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FIG. 3 1s still another block diagram showing the system
made up of the memory control section 3 and a plurality of
memories 5 and 6 corresponding to another embodiment of
the present invention.

In the system shown in FIG. 3, in addition to the embodi-
ment corresponding to a first embodiment of the present
invention, the memory master 1 outputs a next address signal
indicating an address to be used when an access request 1s
made and a next address confirming signal indicating to the
memory control section 3 that the address signal 1s deter-
mined.

The memory control section 3, when getting access to the
last data, determines whether or not a to close bank being
presently accessed depending on a hit prediction result fed
from the hit predicting section 4. At this point, 1f the memory
master 1 outputs a next address confirming signal and when a
bank and a page indicated by 1ts next address signal are
matched to the bank and the page being presently accessed,
the memory control section 4 terminates 1ts routine without
closing the bank being presently accessed, regardless of a hit
prediction result fed from the hit predicting section 4.

On the other hand, while the memory master 1 outputs an
address confirming signal and if only the bank, of the bank
and the page indicated by 1ts address signal, 1s matched to the
bank, of the bank and the page being presently accessed, and
if the page, of the bank and the page indicated by 1ts address
signal, 1s not matched to the page, of the bank and the page
being presently accessed, the memory control section 3 closes
the bank being presently accessed and terminates 1ts routine,
regardless of a hit prediction result fed from the hit predicting,
section 4.

For example, assume that the memory master 1 1s now
getting access to a bank and a page and 1ts last address 1s a
bank 0 and a page 0. If the memory master 1 has asserted a
next address confirming signal and if both a bank and a page
indicated by a next address signal fed from the memory
master 1 are 0, the memory control section 3 terminates its
routine without closing the bank 0 at the time when the
memory master 1 completes 1ts access, regardless of a hit
prediction result fed from the hit predicting section 4.

Though the memory master 1 accesses the bank 0 and page
0 next, since the bank 0 has been opened at page 0, the
memory master 1 can start the next access immediately after
the previous access 1s completed.

If the bank 0 had been closed at the time when the memory
master 1 completes its access, access to memory would have
to be started after having made the bank 0 active and time 1s
spent before the next access to memory 1s started.

Also, if the bank and the page indicated by a next address
signal fed from the memory master 1 are 0 and 1 respectively,
the memory control section 3 closes the bank 0 and terminates
its routine at the time when the memory master 1 completes
access, regardless of a hit prediction result fed from the hit
predicting section 4.

Though the memory master 1 next gets access to the bank
0 1n memory, since the bank 0 had been closed, after previous
access by the memory master 1 had been completed, the bank
0 1s immediately made active and, after the bank 0 has been
made active memory can be accessed.

If the bank 0 has not been closed when the previous access
by the memory master 1 1s completed, the bank 0 has to be
made active after the bank 0 has been pre-charged following,
the completion of the previous access by the memory master
1 and therefore time 1s spend before the next access to
memory 1s started.
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FIG. 4 1s a block diagram showing a system made up of a
memory control section 3 and a plurality of memories S and 6
corresponding to another embodiment of the present mnven-
tion.

Each of the memory masters 1-1 to 1-4 outputs a request
signal for requesting a right to use memory, an address signal,
a read/write signal showing a type of access, a word length
signal showing the number of words to be accessed, a write
data signal, and a data mask signal to an arbiter section 2 and
receives an acknowledge signal showing acquisition of
memory for use and read data signal from the arbiter section
2.

The arbiter section 2 outputs a request signal, an address
signal, a read/write signal, a word length signal, a write data
signal, and a data mask signal selected from two or more
memory masters 1 -1 to 1 -4 to the memory control section 3
and receives an acknowledge signal and a read data signal
from the memory control section 3.

The memory control signal 3 outputs control signals of
memory, that 1s, in the case of an SDRAM, a clock signal
(CLK), a clock enable signal (CKE), a chip select signal (CS),
a row address strobe signal (RAS), a column address strobe
signal (CAS), a write enable signal (WE), an address signal
(A), a bank address signal (BA), a data mput/output signal
(DQ), and a date mask signal (DQM).

The hit predicting section 4 outputs a plurality of hit pre-
diction results to the memory control section 3. The number
of hit prediction results are the same as the total number of all
memories 5 and 6 connected.

For example, 1 memories 5 and 6, each having four banks,
are connected, since there exist eight banks 1n an entire sys-
tem, the predicted number obtained as the hit prediction
results becomes eight.

Each of memory masters 1 -1 to 1 -4, when memory 1s to be
accessed, asserts a request signal and, at the same time, deter-
mines an address signal, a read/write signal, a word length
signal, a write data signal, and a data mask signal.

The arbiter section 2, 1f only one memory master has
asserted a request signal, outputs an address signal, a read/
write signal, a word length signal, a write data signal, and a
data mask signal fed from the one memory master to the
memory control section 3 and returns an acknowledge signal
and a read data signal fed from the memory control section 3
to the one memory master.

The arbiter section 2, if two or more memory masters have
asserted request signals, selects one memory master out of the
two or more memory masters and outputs an address signal, a
read/write signal, a word length signal, a write data signal,
and a data mask signal fed from the memory masters to the
memory control section 3 and returns an acknowledge signal
and a read data signal fed from the memory control section 3
to the memory master.

As a method for selecting one memory master from two or
more memory masters, there 1s a method by which one
memory master 1s selected according to a predetermined pri-
ority order, a method by which one memory master 1n priority
order most removed or farthest from the time when last access
1s obtained 1s selected according to a round-robin method, and
the like.

The memory control section 3, when a request signal fed
from the arbiter section 2 1s asserted, receives an address
signal, a read/write signal, and a word length signal, and
produces a control signal for memory to get write access, if a
read/write signal indicates write-access, and, to get read
access 1f the read/write signal indicates read-access.

The memory control section 3, when write access 1s
obtained, receives a write data signal and a data mask signal
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and returns, when read access 1s obtained, read data fed back
from memory using a read data signal to the arbiter section 2.

The memory control section 3, when last data 1s accessed,
determines whether or not a bank being presently accessed 1s
closed by referring to a hit prediction result fed from the hit
predicting section 4.

The last data denotes, for example, fourth data 11 a word
length signal indicates that four words are to be accessed.

As a hit prediction result fed from the hit predicting section
4, an 1individual result 1s output for each bank in memory and
the memory control section 3 makes reference to a hit predic-
tionresult corresponding to a bank 1n which last data 1s stored.

Moreover, the memory control section 3 determines
whether a bank being presently accessed 1s closed by making,
reference not only to the last data but also to a hit prediction
result fed from the hit predicting section 4 when next data 1s
stored 1n a bank different from the bank presently being
accessed.

FIG. 5 1s still another block diagram showing a system
made up of a memory control section 3 corresponding to still
another embodiment of the present invention, and a plurality
of memories 5 and 6 according to an embodiment of the
present invention.

The hit predicting section 4 receives a hit signal or a miss
signal from the memory control section 3. Each of the number
ol hit results and miss results 1s the same as the total number
of all banks 1n memory.

The memory control section 3, 1f an address used for access
indicates the same page as was accessed the previous access-
time, 1.e. time when access 1s started, 1n each bank, asserts a
hit signal of a corresponding bank.

Moreover, the memory control section 3, 1f an address used
for access 1ndicates a page different from a page that was
accessed the previous access-time 1n each bank, asserts a miss
signal of a corresponding bank.

The time when access 1s started, or access-time, includes
not only time when access 1s first started after a request signal
ted from the arbiter section 2 has been asserted but also time
when access 15 next started 1f each of data having been cur-
rently accessed and data being accessed next 1s stored 1in each
of different banks before access to a length of words 1indicated
by a word length signal 1s completed.

The memory control section 3, 1n order to produce a hit
signal or a miss signal, has to store a page that was accessed
last or previous time for each bank.

Moreover, operations of the hit predicting section 4 stated
in an embodiment shown in FIG. § are 1n conformance with
those stated in an embodiment shown 1n FIG. 2. Similarly,
operations ol the hit predicting section stated in other
embodiments shown in FIG. 5 are in conformance with those
stated 1 other embodiments shown 1n FIG. 2.

FIG. 6 15 a block diagram showing the system made up of
the memory control section 3 and a plurality of memories 5
and 6 according to an embodiment of the present invention.

In addition to the example corresponding to the embodi-
ment shown 1n FIG. 4, each memory master outputs a next
address confirmation signal indicating an address to be used
when access 1s required next and 1ts address signal showing
that its address signal 1s determined to the arbiter section 2
and memory control section 3.

The memory control section 3, when last data 1s accessed,
determines whether or not to close a bank by making refer-
ence to a hit prediction result fed from the hit predicting
section 4. At this point, if there 1s one or more of the memory
masters that are outputting a next address confirming signal
and 1f there 1s a memory master 1n which both the bank and the
page 1indicated by 1ts next address signal are matched to both
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the bank and the page being accessed presently, the memory
control section 3 terminates its routine without closing the
bank being presently accessed, regardless of a hit prediction
result fed from the hit predicting section 4. Also, the arbiter
section 2, when selecting a memory master that accesses
memory next, selects a memory master in which both the
bank and the page indicated by the next address signal are
matched to both the bank and the page being accessed pres-
ently.

On the other hand, 11 there 1s one or more memory masters
that are outputting a next address confirming signal, and 11
there 1s a memory master 1n which only the bank, of the bank
and the page indicated by 1ts next address signal, 1s matched
only to the bank, and the page, of the bank and the page
indicated by 1ts next address signal, 1s not matched to the page
being accessed presently, the memory control section 3 closes
the bank being accessed and terminates the memory control
section’s routine, regardless of a hit prediction result fed from
the hit predicting section 4.

For example, let it be assumed that there are three memory
masters 1-1, 1-2, and 1-3, that the memory master 1-1 1s being
presently accessed which has as its last address bank 0 and
page 0. When the memory masters 1-2 and 1-3 assert a next
address confirming signal and 1f a bank and a page indicated
by the next address signal output from the memory master 1-2
1s 0 and 0 respectively and, 1f a bank and a page indicated by
the next address signal output form the memory master 1-3 1s
0 and 1 respectively, the memory control section 3, regardless
of a hit prediction result fed from the hit predicting section 4,
terminates 1ts routine without closing the bank 0 while the
memory master 1-1 1s accessing the bank and the page, and
the arbiter section 2 selects the memory master 1-2 following,
the memory master 1-1.

The memory master 1-2 gets access to the bank 0 and page
0. However, since the bank 0 has been already opened at the
page 0, the memory master 1-2 can start access immediately
after the memory master 1-1 has completed its access.

If the bank 0 had been closed at the time of completion of
access by the memory master 1-1, memory access would have
had to be started atter the bank 0 had been made active, so that

time would have been spent before the next memory access
could be started.

Moreover, if the memory master 1- 3 had been selected
subsequent to the memory master 1-1, the bank 0 has to be
made active after the bank 0 has been pre-charged, so that
time 1s spent before the next memory access 1s started.

Moreover, 11 a bank and a page indicated by a next address
signal output from the memory master 1-2 1s 0 and 1 respec-
tively, and, 11 a bank and a page indicated by a next address
signal output from the memory master 1-3 1s 0 and 2 respec-
tively, the memory control section 3, regardless of a hit pre-
diction result fed from the hit predicting section 4, closes the
bank 0 at the time when the memory master 1-1 completes its
access and terminates its routine.

If either a memory master 1-2 or a memory master 1-3
subsequent to the memory master 1-1 1s selected, access 1s
obtained to the bank 0 1n memory. However, since the bank
1s closed, after the memory master 1-1 has accessed the bank,
the bank 0 can be made active and, after the bank 0 has been
made active, memory can be accessed.

When the bank 0 was closed when the memory master 1-1
had completed the access, the bank 0 has to be made active
alter the bank 0 has been pre-charged following completion
of access by the memory master 1-1 and, as a result, time 1s
spent before memory access 1s started again.
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Next, a concrete example of configurations of the hit pre-
dicting section 4 1s described by referring to FIG. 7. FIG. 7 1s
a block diagram showing configurations of one bank installed
in a hit predicting section.

Moreover, the hit predicting section 4 has blocks, each of
which has the configurations shown 1n FIG. 7, equal in num-
ber to the banks, which are not shown. In addition to this, the
hit predicting section 4 also has a section (not shown) to
receive an instruction for setting of “4-17, “k-17, and “m”
(instruction for setting 17, “k™, and “m”) and to hold these set
values.

In FIG. 7, a it signal/miss signal inputting section 41,
when either of a hit signal or a miss signal 1s mput, shiits a
result holding shift register 42 by one bit and inputs, when a
hit signal 1s 1nput, a numeric code 1 indicating a hit, to bit 0
and, when a miss signal 1s input, a numeric code 0 indicating
a miss, to bit 0 1n the shift register.

A judging section 43 recerves a value “k-1"" from the hold-
ing circuit (not shown) and outputs a numeric code “1” 11 all
bits for the bit “0” to bit “k-1"" 1n the result holding shift
register 42 are 0 (zero) and outputs a numeric code “0” 11 all
bits from the bit “0” to bit “k-1" in the result holding shift
register 42 are not 0.

The judging section 44 receives a value *“4-17 from the
holding circuit (not shown) and outputs a numeric code “17 11
all bits from the bit “0” to bit “4-1" 1n the result holding shiit
register 42 are “1”” (one) and outputs a numeric code <0 1f all
bits from the bit “0” to bit *“4-1” in the result holding shift
register 42 are 0.

The judging section 45 receives an “m” value from the
holding circuit and adds all bits from the bit “0” to bit “n-1""1n
the result holding shiit register 42 and outputs, 11 the result of
the addition 1s “m” or more, a numeric code “1”” and outputs,
1f the result of the addition 1s less than “m”, a numeric code 0.

A judged result outputting section 46 outputs a numeric
code “0” indicating a miss signal 1f a result fed from the
judging section 43 shows “1”, and a numeric code “1” 1ndi-
cating a hit signal 11 the result fed from the judging section 43
shows “0” and the result fed from the judging section 44
shows “1”” and a numeric code “1” 1f both the results fed from
the judging section 43 and the judging section 44 show “0”
and the result fed from the judging section 45 shows “1”” and
a numeric code “0” indicating a miss signal if all the results
from the judging section 43, the judging section 44, and the
judging section 435 show “0”.

As described above, 11 eight pieces of banks exist in an
entire system, the hit predicting section 4 also has eight sets of
these circuits.

The circuit for each bank 1n the hit predicting section 4 in
one embodiment 1s made up of the hit signal/miss signal
inputting section 41, n-but result holding shiit register 42, and
the judging section 45 and uses an output from the judging
section 43 as a hit prediction result.

The circuit for each bank 1n the hit predicting section 4 1n
another embodiment 1s made up of a hit signal/miss signal
inputting section 41, a maximum n-bit result holding shiit
register 42, and the judging section 44, and uses an output
from the judging section 44 as a hit prediction result.

The circuit for each bank 1n the hit predicting section 4 in
yet another embodiment 1s made up of the hit signal/miss
signal inputting section 41, a maximum n-bit resulting hold-
ing shift register 42, and the judging section 43, and uses an
output from the judging section 43 as a hit prediction result.

An example of timing with which the memory control
section 3 controls signals to be fed to memory based on
prediction of the hit predicting section 4 1s described by using,

timecharts 1n FIG. 8 to FI1G. 10.
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The example 1s shown 1n which an SDRAM 1s used as
memory and read access 1s obtained.

FIG. 8 1s a timechart showing a case 1n which the memory
access control device of the present invention, while getting
read-access, predicts a hit in the next access and a hit 1s found
in the access. A number sign “#” at a head of a signal name
represents a signal being active “LOW”.

In FIG. 8, when, following access @,, a hit 1s predicted 1n
access @,, no pre-charging 1s performed when access 1s com-
pleted. Since a hit1s found 1n the next access and switching of
A0 to A9 and/or 1ssuance of a LOW active command (#RAS
1s made LOW) 1s not required, the next access 1s obtained
carlier.

FIG. 9 1s a timechart showing a case in which the memory
access control device of the present invention, while getting
read-access, predicts a hit 1n next access and a miss 1s found
in the access.

When a hit 1s predicted, no pre-charge 1s performed at the
time of completion of access. If a miss occurs 1n the next
access, after pre-charge command (#RAS and #WE are made
LOW at the same time) has been 1ssued, 1ssuance of the LOW
active command (#RAS 1s made LOW) following switching
of A0 to A9 to LOW address 1s required, so that the next
access 1s obtained later.

FIG. 10 1s a timechart showing a case 1n which the memory
access control device of the present invention, while getting
read-access, predicts a miss 1n the next access. Since a miss 18
predicted, at the time of completion of access, A10 1s enabled
and auto-precharge 1s performed.

Or, a pre-charge command (#RAS and #WE are made
LOW at the same time, as shown 1n dotted lines) may be
1ssued.

In this case, 1f a hit 1s found 1n subsequent access @ or a
miss 1s found 1n subsequent access @,, result data determin-
ing timing for access é) remains unchanged.

Access time 1s shortened to two-thirds or less when com-
pared with a case in which a miss occurs after a hit 1s pre-
dicted.

It 1s apparent that the present invention 1s not limited to the
above embodiments but may be changed and modified with-
out departing from the scope and spirit of the invention.

What 1s claimed 1s:

1. A memory access control device comprising:

a memory master to request access to memory;

a memory control unit to produce control signals of memo-
ries based on access information to be output from said
memory master; and

a hit predicting unit to predict whether or not a next access
to each bank 1n memory will be directed to a same page;

wherein, for each of a last natural number of times of
accesses to each bank 1n memory, said hit predicting unit
stores whether a hit or a miss has been found as history
information; an

wherein, when said hit predicting unit predicts a hit based
on the history information, said memory control unit
terminates a routine without closing a bank at a time of
completion of present access operations, and when
when said hit predicting unit predicts a miss based on the
history information, said memory control unit closes
said bank at the time of completion of present access
operations and terminates the routine; and

wherein after a bank and a page to be accessed next have
been determined, said memory master informs said
memory control unit of information about said bank and
said page to be accessed and wherein said memory con-
trol unit, 11 said bank to be accessed next by said memory
master 1s the bank being presently accessed and said
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page to be accessed by said memory master 1s the page
being presently accessed, said memory control unit ter-
minates the routine, regardless of a prediction from said
hit predicting unit, without closing said bank being pres-
ently accessed at the time of completion of present
access operations, and 11, 1f said bank to be accessed next
by said memory master 1s the bank being presently
accessed and said page to be accessed by said memory
master 1s different from the page being presently
accessed, said memory control unit closes said bank
being presently accessed at the time of completion of
present access operations, regardless of the prediction
from said hit predicting unit, and said memory control
unit terminates the routine.

2. The memory access control device according to claim 1,
wherein, for each of a last “n” (*n” 1s a natural number)

times ol accesses to each bank 1n memory, said hit pre-
dicting unit stores whether a hit or amiss has been found,
and said hit predicting unit predicts a hit 11, out of the last
“n” times of accesses, a number of times of accesses 1n
which a hit has been found 1s “m” or more (m=n: “m” 1s
a natural number), “m” being a result of adding said
number of times of accesses in which a hit has been
found, and said hit predicting unit predicts a miss, 1f said
number of times of accesses 1s not “m” or more.

3. The memory access control device according to claim 1,
wherein, for each of a last “n” (*n” 1s a natural number)

times ol accesses to each bank 1n memory, said hit pre-
dicting unit stores whether a hit or amiss has been found,
and said hit predicting unit predicts a miss when a miss
has been found 1n all of the last “k™ times of accesses

(k=n: “Kk” 1s a natural number) out of the last “n” times

ol accesses, and said hit predicting unit predicts a hit
when a hit has been found at least one time 1n all of the
last “k™ times of accesses out of the last “n” times of
accesses and 11 a hit has been found 1n all of the last “4”
times of accesses (J=n: “9” 1s a natural number) out of
the last “n” times of accesses, and said hit predicting unit
predicts a hit when a miss has been found at least one

B b

time 1n all of the last 1 times of accesses out of the last
“n” times of accesses, and i1f a number of times of
accesses 1n which a hit has been found out of the last “n”
times of accesses 15 “m” times or more (m=n: “m” 1s a
natural number), “m” being a result of adding said num-
ber of times of accesses 1n which a hit has been found,
and said hit predicting unit predicts a miss when said

number of times of accesses 1s not “m” times or more.

4. A memory access control device comprising;:
twO or more memory masters to request access to memory;
an arbiter unit to arbitrate memory access requests fed from

saild memory masters and to select access mnformation
fed from any one of said memory masters;

a memory control unit to produce a control signal of

memory based on access information output from said
arbiter unit; and

a hit predicting unit to predict whether or not a next access

to each bank 1n memory will be directed to a same page;

wherein, for each of a last natural number of times of

accesses to each bank 1n memory, said hit predicting unit
stores whether a hit or a miss has been found as history
information; and
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wherein, when said hit predicting unit predicts a hit based

on the history information, said memory control unit
terminates a routine without closing said bank at a time
of completion of present access operations, and when
said hit predicting unit predicts a miss based on the
history information, said memory control unit closes
said bank at the time of completion of present access

operations and terminates the routine; and

wherein after a bank and a page to be accessed next have

been determined, each memory master informs said
arbiter unit and said memory control unit of information
about said bank and said page to be accessed next; and

wherein 11 there exists said memory master which gets the

next access to the bank being presently accessed and to
the page being presently accessed, said memory control
unit terminates the routine, regardless of a prediction
from said hit predicting unit, without closing said bank
being present accessed at the time of completion of
present access operations, and said arbiter unit selects
said memory master with priority, and if there exists said
memory master which gets the next access to the bank
being presently accessed and to a page different from the
page being presently accessed, said memory control unit
closes said bank being presently accessed at the time of
completion of present access operations, regardless of
the prediction from the hit predicting unit, and said
memory control unit terminates the routine.

5. The memory access control device according to claim 4,
wherein, for each of a last “n” (*n” 1s a natural number)

times ol accesses to each bank 1n memory, said hit pre-
dicting unit stores whether a hit or a miss has been found
and said hit predicting unit predicts a hit 11, out of the last
“n” times of accesses, a number of times of accesses 1n
which a hit has been found 1s “m” or more (m=n: “m” 1s
a natural number), “m” being a result of adding said
number of times of accesses 1n which a hit has been
found, and said hit predicting unit predicts a miss, 11 said
number of times of accesses 1s not “m” or more.

6. The memory access control device according to claim 4,
wherein, for each of a last “n” (*n” 1s a natural number)

times of accesses to each bank 1n memory, said hit pre-
dicting unit stores whether a hit or amiss has been found,
and said hit predicting unit predicts a miss when a miss
has been found 1n all of the last “k” (k=n: “k” 1s anatural
number) times ol accesses out of the last “n” times of
accesses, and said hit predicting unit predicts a hit when
a hit has been found at least one time 1n all of the last “k™
times of accesses out of the last “n” times of accesses and
if a hit 1s found 1n all of the last *“4” times of accesses
(J=n: “9” 1s a natural number) out of the last “n” times of
accesses, and said hit predicting unit predicts a hit when
a miss has been found at least one time 1n all of the last
“” times of accesses out of the last “n” times of accesses,

and 1f a number of times of accesses by which a hit has
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been found out of the last “n” times of accesses 15 “m
times or more (m=n: “m” 1s a natural number), “m
being a result of adding said number of times of accesses
in which a hit has been found, and said hit predicting unit
predicts a miss, when said number of times of accesses 1s
not “m” times or more.
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